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MOMENT-ROTATION CHARACTERISTICS OF PURLIN CONNECTIONS
by D B MOORE 1
SUMMARY
-A series of tests on commonly used purl in connections has been undertaken. The
objective of those tests was to provide data on the moment-rotation
characteristics so that the performance of different roofing systems could be
assessed by calculation. The tests involved unsleeved and sleeved connections
and continuous purl ins with each of the Zed, Sigma, Zeta and Zed 35 purlin
sections.
The behaviour of each connection type is discussed and their moment-rotation
characteristics presented in a way that can be used in analytical studies.
INTRODUCTION
During the Winter of 1981-82 heavy falls of snow accompanied by strong winds
resulted in damage to a number of light-gauge steel roofs within the UK. As a
result of this damage the Building Research Establishment carried out an
experimental investigation on three full-scale, cold-formed steel roofing
systems [1,2,3]. One conclusion from this work was that the performance of each
roof system is highly dependent on the rotational stiffness of its purlin
connections and that the performance of the connections need to be established
if an accurate theoretical model is to be made.
For most cold-formed roofs the purlins usually form long runs of members over
the supporting frames. For practical considerations however, full continuity
over the full purl in length cannot be achieved and a number of connections are
required. Various propri·etary connections are available offering different
amounts of continuity. The design of these connections are usually based on a
combination of testing and rational analysis. However, comprehensive testing is
expensive and there is a move towards design by calculation, particularly in the
USA[4] and Europe [5,6].
An experimental investigation was therefore initiated by the Building Research
Establishment in collaboration with the purlin group of the Cold Rolled Section
Association (CRSA) to determine the moment-rotation characteristics of some
commonly used purlin connections.
This paper details the tests
The tests included unsleeved
each of the Zed, Sigma, Zeta
connection type is discussed
in a way that can be used in

1.

carried out on 33 commonly used purlin connections.
and sleeved connections and continuous purlins with
and Zed 35 purl in sections. The behaviour of each
and their moment-rotation characteristics presented
analytical studies.

Structural Design Division, Building Research Establishment, United Kingdom
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SELECTION OF CONNECTION TYPES
The connection types and their overall dimensions were selected to satisfy the
following requirements:(a)

They should represent UK practice,

(b)

Cover the full spectrum of connection response,

(c)

The dimensions should be similar to the roofing systems tested.

Although there are many cold formed steel roofing systems available within the
UK, the most frequently used is the double span sleeve system. This is commonly
used with anyone of the Zed, Sigma, Zeta and Zed 35 purlin sections. Three
different connection types are used in this system. These are the unsleeved,
sleeved and continuous connections used to provide continuity over the internal
supports. The connection types are supposed to cover the full spectrum of
connection response. An example of each with each of the different purl in types
was selected for this study. The complete test series is summarised in Table 1
and figs. la, lb and lc give details of each of the connections.
TEST APPARATUS AND PROCEDURE

An inverted "continuous" purlin test arrangement was chosen as this closely
simulated the connection arrangement within a roofing system and also would
provide some indication of the variability of nominally identical connections.
Figure 2 illustrates the main features of the test apparatus while Figure 3
shows an unsleeved sigma purlin connection under test. Load is applied to the
supporting cleat by a strain controlled 500kN Denison testing machine via a
300kN NCB type compression load cell and rectangular hollow section. Each
purlin was approximately ll22mm long and the ends were supported by steel
brackets mounted on half rounds.
The moment-rotation characteristics of an unsleeved purlin connection is the
relative rotation of the purlin to the rotation of the cleat. Rotations were
therefore measured at a point on the centreline of each purlin web and on the
cleat. The rotation devices were mounted on the web of each purl in to minimise
the rotation caused by local distortion of the cross-section. Three servo
acceleometers, Type A233-00l were used to measure rotation. Those on the
purlins were located approximately 38mm from the edge of the supporting cleat.
By positioning the accelerometers as close as practicable to the cleat the
contribution to rotation made by the curvature of the purlin can be minimised.
The moment-rotation characteristic of a sleeved purlin connection, however, is
composed of three parts. These are:(a)

The relative rotation of the purlin to the rotation of the cleat.

(b)

The contribution to rotation made by the curvature of the sleeve.

(c)

The contribution to rotation made by the curvature of that length of
purl in between the cleat and the end of the sleeve.
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These contributions cannot be isblated in one test and the collective rotation
was measured by placing rotation devices on the purl in at the end of the sleeve.
Rotation devices were also placed on the cleat and on the purlin 38mm from the
edge of the cleat.
In the case of the continuous purlin test rotations were measured in locations
similar to those detailed above for the unsleeved connection tests, to provide a
direct comparison.
For all tests the central displacement was measured by LVDT's to provide data on
the overall response of the connection and as an alternative method of measuring
rotation. The data from all the measuring devices were recorded by a
microcomputer based data logging system developed at the Building Research
Establishment.
All fabrication was carried out in the BRE's fabrication shop. Test specimens
were assembled in the rig. When bolting the connections together no attempt was
made to centralise the bolts in the bolt holes. Grade 8.8, M12 and M16 bolts in
2mm clearance holes were used. Although there was no requirement to torque
these bolts in the first three tests the bolts were pre-loaded to 40kN, 60kN and
80kN respectively and elastic tests carried out to investigate the influence of
bolt pre-load. In all subsequent tests a pre-load of 60kN was adopted. It is
not proposed that such a pre-load be used in practice but to introduce some
measure of consistency in this series of tests it was considered desirable.
The load was applied to the specimen until the load cell was just nipped into
position and just registering. Data logging was then commenced with the logger
scanning the load cell, rotation devices and displacement transducer at the rate
of 10 channels/sec. The load was applied monotonically by the 500kN Denison
testing machine at a rate of 0.044 in/min until either the specimen failed or
had achieved a displacement/rotation far in excess of that normally obtained in
practice.
Tensile tests were performed on coupons taken from all of the material used in
the test series. The results are presented in Table 2.
TEST RESULTS
Zed purlin connections
Figure 4 shows the moment-rotation characteristics for typical unsleeved,
sleeved and continuous Zed purlin connections.
Tests A1,A2 and A3 were nominally identical unsleeved Zed purlin connections.
In each test the bolts M16 grade 8.8 were tightened with a torque wrench to a
pre-load of approximately 60kN. From Fig.4 it can be seen that the
moment-rotation response exhibits very little resistance for rotations less than
1.3 degrees. At a moment of approximately 0.12 kNm the frictional resistance
between the purlin and the cleat was overcome and the purl in rotated with no
appreciable increase in moment until it came into bearing against the bolts.
Once this occurred an approximately constant connection stiffness of
74kNm/radian was achieved for rotations in the range between 1.3 degrees and 1.5
degrees.
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Beyond these rotations the stiffness reduced due to bearing failure of the
purl in and the connection rotated until the flange of the left and right-hand
purlins came into contact. Ultimate failure was due to local buckling of the
purl in flanges where they were in contact.
Tests A4,AS and A6 were nominally identical sleeved Zed purl in connections.
Again all bolts were pre-loaded to 60kN.
Figure 4 shows a typical moment-rotation response of a sleeved connection.
In each test the moment-rotation was non-linear up to a moment of about S.OkNm,
after which the moment remained approximately constant in the range between 1.S
degrees and 3.0 degrees. Beyond these rotations local buckling of the purlin at
the end of the sleeve occurred and the moment reduced with increased rotation.
An interesting feature of these tests is that the sleeve remained virtually
horizontal throughout the test and the purl in rotated within the sleeve as shown
in Fig.S.
Figure 4 also shows the typical moment-rotation response for the continuous Zed
purlin tests A7, A8 and A9. For consistance the bolts were also torqued to a
pre-load of 60kN. As expected the response was linear up to a moment of 4.SkNm
(approximately 84% of its elastic moment capacity) at which point the
compression flange between the cleat bolts buckled and the moment reduced with
increased rotation.
Sigma purl in connections
Figure 6 shows the moment-rotation characteristics for typical unsleeved,
sleeved and continuous Sigma purlin connections.
Tests B1, B2 and B3 were nominally identical unsleeved Sigma purl in connections.
In each test the M12, grade 8.8 bolts were pre-loaded to a torque of 60kN. From
Figure 6 it can be seen that the response exhibits very little resistance. This
was because at low moments the purl in rotated until it came into bearing against
the bolts. Beyond these moments the response was non-linear due to yielding of
the supporting cleat. The extension and yielding of these cleats is shown in
Fig 7. Failure occurred at approximately 0.8kNm.
Tests B4,BS and B6 were nominally identical sleeved Sigma purl in connections and
gave similar results. From Figure 6 it can be seen that the moment-rotation
response is approximately linear up to a moment of 4kNm after which the
stiffness decreased, possibly due to a bearing failure. Beyond this the
stiffness increased and the moment-rotation was non-linear up to 10kNm after
which there was no appreciable increase in moment. Failure was due to local
buckling of the sleeve above the supporting cleat and the purlin at the end of
the sleeve. Unlike the sleeved Zed purl in the four bolts connecting the Sigma
purlin to the sleeve resulted in the purlin and sleeve acting as one.
Figure 6 also shows a typical moment-rotation response for the continuous Sigma
purl in tests B7,B8 and B9. Again for consistance the bolts were pre-loaded to
60kN. Up to a moment of 6kNm the response was linear (approximately 70% of its
elastic moment capacity) after which the compression flange over the cleat
curled and the moment-rotation response continued with little increase in moment
up to a rotation of approximately 2.0 degrees.
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Zeta purlin connections
Tests C1,C2 and C3 are nominally· identical unsleeved Zeta purl in connections and
gave similar results. In each test the bolts M16 grade 8.8 were pre-loaded to
60kN. From Fig. 8 it can be seen that the moment-rotation response exhibits
little resistance for rotations less than 1.5 degrees. The behaviour at
rotations below 1.5 degrees is similar to the unsleeved Zed. At small rotations
the moment increased gradually due to the frictional resistance between the
purl in and cleat but because there is only one central bolt connecting the
purlin to the cleat no significant moment was developed.
At a rotation of 1.5 degrees the compression flange of the left and right-hand
purlins come into contact and·the moment increased rapidly in a linear manner.
At a rotation of 2.95 degrees the moment reduced suddenly as a result of the
flanges cutting into each other and buckling.
Tests C4,C5 and C6 were sleeved Zeta purlin tests and gave similar results.
Fig.8 shows the typical moment-rotation response. The connections show a
non-linear response up to a moment of approximately 4.62 kNm, beyond which it
failed due to buckling of the purlin close to the end of the sleeve and the
moment reduced with increased rotation.
Figure 8 also shows a typical moment-rotation response for the nominal identical
continuous Zeta purlin tests C7,C8 and C9. All the tests gave similar results.
The response of the connection was linear to start, with a constant stiffness of
467.3 kNm/radian. At a moment of approximately 3.6kNm the connection's
stiffness reduced gradually due to curling of the compression flange. The
connection achieved a maximum moment of 4.10 kNm beyond which the moment reduced
gradually with increased rotation.
Zed 35 purlin connections
Figure 9 shows the moment-rotation response for typical unsleeved, sleeved and
continuous Zed 35 purlin connections.
Tests 01 and 02 were nominally identical unsleeved Zed 35 purlin connections.
In each test the bolts M16 grade 8.8 were tightened with a torque wrench to a
pre-load of approximately 60kN. From Fig.9 it can be seen that the stiffness of
the connection was small and constant at approximately 8.66kNm/radian up to a
moment of O.32kNm beyond which the purlin rotated with no appreciable increase
in moment. At a rotation of 2.5 degrees the purlin came into bearing with the
bolts and the connection stiffness increased to an approximately constant value
of 48.29 kNm/radian. At a moment of 1.6kNm the stiffness reduced to zero due to
bearing failure and the connection rotated until the flange of the left and
right-hand purlin came into contact. After which the moment increased and
attained a maximum value of 1.8kNm at which point the connection failed due to
local buckling of the purlin flanges where they were in contact.
Tests 03 and 04 were
Again all bolts were
approximately 60kN.
this connection. In
approximately 7.2kNm

nominally identical sleeved Zed 35 purlin connections.
tightened with a torque wrench to a pre-load of
Fig.9 shows a typical moment-rotation characteristic for
each test the response was non-linear up to a moment of
beyond which the purl in at the end of the sleeve buckled
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locally and the moment reduced rapidly with increased rotation.
Figure 9 also shows a typical moment-rotation response for a continuous Zed 35
purlin tests D5 and D6. For consistance the bolts were also pre-loaded to 60kN.
As expected the response was linear with a constant stiffness of
1345.2kNm/radian up to a moment of 4kNm, beyond which the stiffness reduced
gradually until the connection attained a maximum moment of 4.93kNm. After this
point the moment reduced gradually with increased rotation. Failure was due to
local buckling of the compression flange over the supporting cleat.
Table 3 gives a summary of the average maximum load, central displacement and
rotation for each of the different connection types tested.
DISCUSSION OF RESULTS
Behaviour of unsleeved purlin connections
This type of connection is used in the non-continuous systems and as end
connections in the more popular sleeved and overlap systems. In all these
systems the purl in is connected to the cleat by one or two bolts and is assumed
to be a simple support.
The response of unsleeved purlin connections was examined in eleven tests
(A1-A3, BI-B3, CI-C3 and D1-D2) from which it is postulated that figure 10
represents the idealised behaviour of a two bolt connection. One of the most
interesting features of these connections was the apparent lack of stiffness at
low levels of moment. To examine this in more detail elastic tests were carried
out on anunsleeved Zed purlin connection, with three different levels of bolt
pre-load (40kN, 60kN and 80kN). The results of these tests are shown in
Figure 11, from which it is evident that the initial moment generated by the
connection is primarily a result of the clamping forces between the purlin web
and cleat. The pre-load in the bolts induces a frictional force between the
purlin web and cleat and allows only a limited rotation to occur before the
frictional moment is overcome. This frictional moment can be estimated with the
following equation provided a reasonable value for the coefficient of friction
can be determined:Mf =

~Pd

(1)

- Coefficient of friction
P - Bolt pre-load
d - Vertical distance between bolt

~

If a value of 0.1 is adopted for the coefficient of friction for the tests
detailed in Figure 11 then a good estimate of the frictional moment can be
determined.
However, because there is no control of bolt pre-load in normal erection
practice no reliance can be placed on the frictional moment.
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Once the frictional moment is overcome the connection rotates at a constant
moment (Mf) until the bolt moves into bearing. The amount of rotation that can
occur before bearing will depend on the ratio of bolt to bolt hole size and the
distance between the bolts. In all the connections tested the ratio of bolt to
bolt hole size is small (the bolt hole clearance is typically 2mm) and the
distance between the bolts relatively large. Therefore, the rotation
experienced before the connection bears against the bolts can be accommodated by
the clearance of the bolts in their holes. If the bolts were positioned
perfectly in the centre of each hole then the possible rotation of the Zed,
Sigma and Zed35 connections (the Zeta connection is not included as it is
connected by one bolt only. It is anticipated that the larger Zeta purlins
which have two bolts would have similar rotations to the Zed and Sigma
Sections), would be 4.05 degrees, 2.30 degrees and 4.05 degrees respectively.
This is because each bolt can slip a maximum of 2mm horizontally - 1mm due to
the clearance in the purl in web hole and 1mm due to the clearance in the cleat
hole.
Since the experimental results (tests Al-3, Bl-3 and Dl-2) showed rotations of
1.5 degrees, 1.06 degrees and 2.85 degrees the actual slip per bolt
must
have been 0.74mm, 0.93mm and 1.4mm for the Zed, Sigma and Zed35 sections
respectively. In practice the amount of rotation will depend on fit-up during
erection and because there is no control on bolt position all that can
reasonably be stated is that bolt slip will vary between 0 and 4mm (assuming a
maximum of 2mm clearance in the purlin web and cleat holes).
After the bolts move into bearing the connection stiffens up considerably. It
is speCUlated that the next change of stiffness in the connections response is
due to bearing failure in the purlin.

An estimate of the moment at which this occurs for each connection type can be
determined from the recommendations in Eurocode 3 [7]. For the Zed and Zed35
connections the Eurocode is in good agreement with the experiment but
there is
little agreement for the Sigma and Zeta sections. This is because the cleat of
the sigma connection failed before the purlin failed in bearing. In the case of
the Zeta section the increase in stiffness is due to the flanges of the left and
right-hand purl in coming into contact rather than the bolt moving into bearing.
After bearing failure the Zed and Zed35 connections rotated until the left and
right-hand flanges come into contact and continue to take increasing moment
until the flanges fail. This ultimate mode of failure is difficult to predict
as it depends on how the purlin flanges come into contact. It is perhaps
unrealistic to try and predict this failure as it occurs with a rotation far in
excess of that required for failure of a simply supported beam. To appreciate
the range of rotations that are likely to be encountered by purlin connections,
consider the purlin sections used in the tests spanning 6m (maximum span for
Zed, Sigma and Zeta purlins tested).
The beam end rotation, if perfectly free to rotate is given by:(2)

24EI
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For full elastic loading the rotation would be on average 0.05 radian
(2.86 degrees). Hence the most significant region of the moment-rotation curve
corresponds to rotations lower than 0.05 radian. The range of moment capacities
for each purlin type are summarised in Table 4, from which it is observed that
the moment varies between 9% and 24% of the elastic capacity of the purlin.
In Eurocode 3[71 connections may be classified as nominally pinned if the design
moment resistance of the connection is less than 25% of the design plastic
moment of resistance of the connected beam provided it also has sufficient
rotational capacity. All the unsleeved connection types tested satisfy these
requirements.
Behaviour of sleeved purlin connections
The sleeved purlin system is currently the most widely used roofing system in
the UK. By careful design of the sleeved connection it is possible to arrange
that redistribution of moment occurs under load to produce equal maximum moments
in the span and at the supports at failure.
From the results presented it can be readily seen that the moment-rotation
curves for sleeved connections are non-linear and have no well-defined initial
stiffness and yield point. This is attributed, primarily, to slip between the
purlin and the sleeve, local yielding particularly around the bolt holes and
flange curling of the purl in compression flange at the end of the sleeve.
For those results to be used in the analysis of purlin systems it is necessary
to refine them into an idealised curve. Although it is possible to incorporate
the effect of connection behaviour in the analysis by including the complete
non-linear curve a simpler approach was more appropriate. In this case the
connection was considered to be an elastic-plastic spring having a rotational
stiffness in the elastic range and a constant moment in the plastic range
(although the moment is an elastic one).
The elastic rotational stiffness was determined by estimating the maximum
rotation that is likely to be encountered by the connection and then calculating
the secant stiffness necessary to give the experimental moment corresponding to
this rotation. For this connection the maximum rotation was that for a
perfectly pinned beam. This was calculated in the previous section and is
approximately 0.05 radian.
Table 5 summarises the rotational stiffness and moment capacity for each sleeved
connection type tested. Table 5 also compares the moment capacity of the
continuous purl in tests with their sleeved connections and the theoretical
elastic maximum moment, determined on the basis of simple beam theory and using
the gross cross-section.
From this table it is seen that the sleeved connection's failure moment is
between 12% and 58% higher than that of the continuous purlin. It is also seen
that the continuous purlin tests show that the different section withstood
between 77% and 104% of the theoretical elastic maximum moment.
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Conclusions
The results of a series of tests conducted to determine the moment-rotation
response of commonly used purl in connections have been reported. Some of the
observations on the behaviour of those connections have been presented and are
summarised below:(1)

Unsleeved purl in connections showed a very flexible behaviour until the
bolts go into bearing. The moment capacity of these connections varies
between 9% and 24% of the theoretical elastic capacity of the purlin.

(2)

Sleeved purl in connections showed non-linear behaviour until failure. An
elastic-plastic approximation results in rotational stiffness of between
94kNm and 208kNm and moment capacity of between 12% and 58% greater than
that of the continuous purlin.
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Test
Ho

Connection
Type

Purlln
Size

Bolt
Size

Dolt
Pre-Load

Al

Unsleeved Zed

142 x 51 x 1.6

HI6

40

A2

Unsleeved Zed

"

A3

Unsleeved Zed

"

M

Sleeved Zed

"

A5

Sleeved Zed

60

Sleeved Zed

"
"

1116

A6

1116

60

-_.
--

HI6
1116
--_.
1116

60
00
60

--------

A7

Continuous Zed

"

1116

60

AD

Continuous Zed

"

tt16

60

"

1116

60

1112

60

--

A9

Continuous Zed

01

Unsleeved SIgma

02

Unsleeved SIgma

"

tt12

60

B3

Unsleeved SIgma

"

1112

60

"

1112

60

"

IH2

60

"
"

1112

60

HI2

60

"
"

1112

60

-_.

B4

Sleeved SIgma

05

Sleeved SIgma

D6

Sleeved SIgma

07

Continuous Sigma

DB

Continuous SIgma

140 x 70 it 1. 55

B9

Continuous SIgma

IH2

60

ci

Unsleeved Zeta

125 x 50 x 1.5

1116

60

C2

Unsleeved Zeta

"

1116

60

C3

Unsleeved Zeta

60

Sleeved Zeta

"
"

1116

C4

HI6

60

C5

Sleeved Zeta

HI6

60

C6

Sleeved Zeta

"

C7

ContInuous Zeta

"

CO

Continuous Zeta

--

"

"

C9

ContInuous Zeta

"

01

Unsleeved Zed 35

142 x 51 x 1.6

02

Unsleeved zed 35

"

03

Sleeved Zed 35

"
"

--

--1116
IH6
""--

1116

60
60

----60

--HI6

60

H16
--1116
--1116

60

1116

60
60
60

D4

Sleeved Zed 35

05

contInuous Zed 35

"

H16

06

continuous Zed 35

"

H16

Table 1 Summary of Connection Tests

60
60

A7,AB,A9

Bl,B2,B3

B4,B5,B6

B7,BB,B9

C1,C2,C3

C4,C5,C6

C7,CB,C9

01,02

03,04

05,06

Tensile Test Results

Zed

Sigma

Sigma

Sigma

Zeta

Zeta

Zeta

Zed 35

Zed 35

Zed 35

Table 2:

413.65

3B7.13

3BB.50

277.06

2BO.17

279.0B

443.75

409.14

413.04

312.04

277.7B

A4,A5,A6

Zed

27B.91

(N/mm2)

Yield Stress

A1,A2,A3

Test

Zed

Section

9.46

14.B6

3.9B

B.4B

9.41

LOB

13.22

20.97

3.11

8.29

9.BO

2.67

Average
Maximum
Load (kN)

16.5

34.2

B1. 9

17.2

52.3

56.6

23.3

52.3

97.3

10.1

43.9

70.9

Average
Maximum
Oisp (mm)

1.52

3.73

5.94

1.57

1.45

4.04

1.55

2.77

7.02

1.57

3.59

3.B2

Average
Maximum
Rotation (Oeg)

Summary of connection test results

Continuous Zed35

05,06

Table 3

Sleeved Zed35

Unsleeved Zed35

01,02
03,04

Continuous Zeta

Sleeved Zeta

Unsleeved Zeta

Continuous Sigma

Sleeved Sigma

Unsleeved Sigma

Continuous Zed

Sleeved Zed

Unsleeved Zed

Connection
Type

C7,CB,C9

C4,C5,C6

C1,C2,C3

B7,BB,B9

B4,B5,B6

B1,B2,B3

A7,AB,A9

A4,A5,A6

A1,A2,A3

Test
No

O'l

CI:)

01
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Section
Type

MIME at rotation
of 0.05 radians (%)

Zed

24

Sigma

10

Zeta

18

Zed35

9

M-moment Capacity of Connection at 0.05 radians
ME-Theoretical elastic moment capacity
Table 4 Moment Capacity of Unsleeved Connections

Sleeve
Section
Type

Stiffness
(kNm)

Moment at
0.05rads(kNm)

Continuous
Max. Moment
(kNm)

(3)+(4)

MclMe
(%)

Zed

104

5.00

4.15

1.20

92

Sigma

208

10.43

6.61

1.58

77

Zeta

94

4.73

4.24

1.12

104

Zed35

120

6.00

4.73

1.27

79

Mc - Max. moment of continuous purlin
Me - Theoretical elastic moment capacity
Table 5

Summary of sleeve connection and
continuous purlin results
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Fig. 1.a Details of Zed and Zed35 Connections
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Fig. l.b Details of Sigma Connections
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Fig. i.c Details of Zeta Connections
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Fig. 2. Test apparatus
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Fig. 3. Unsleeved Sigma purlin connection under test
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Fig. 4. Moment-Rotation curves of Zed
purlin connections (A2,A4,A 7)
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Fig. 5. Rotation of Zed purlin while sleeve remains horizontal

Moment (kNm)
12
10

-*-

Unsleeved

-+-

Sleeved

-lIE- Cont.

8
·"'I!I\<lI~rt·······································································i·······························.-f..................... _........

6

4
2

o

o

1

2

3

Rotation (Deg)

Fig. 6. Moment-Rotation curves of Sigma
purlin connections (81,84,87)

4

542

Fig. 7. Deformation of Sigma purlin cleat
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Fig. S. Moment-Rotation curves of Zeta
purlin connections (C3,C5,CS)
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Fig. 9. Moment-Rotation curves of Zed35
purlin connections (01,03,06)
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Fig. 10. Typical behaviour of an
unsleeved purlin connection
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Fig. 11. Effect of bolt pre-load on
initial moment capacity
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